legal restrictions on pesticide use and public concern regarding environmental contamination likely will limit pesticide use in the future. The use of trees and their associated vegetation to enhance natural enemy populations is an alternative for managing insect pests in the urban landscape.
Trees and their associated understory vegetation enhance urban landscapes by providing food and protection for turf and tree pests and their natural enemies. Information on the use of trees by arthropods has been reported for several crop pests and their predators. For example, certain species of coccinellids and chrysomelids overwinter beneath the trees and understory vegetation (Balduf 1929 , Hemptinne 1988 , Mahr and Ridgeway 1993 . In Texas, the boll weevil, Anthonomus grandis Boheman (Coleoptera: Curculionidae), overwinters in leaves and debris beneath shelterbelt trees (Slosser et a1. 1984) . Pond cypress (Taxodium ascendens Brongn.) planted around rice (Oryza sativa L.) and wheat (Triticum aestivum L.) fields in China mitigates adverse climatic conditions and provides habitat for spider (Arachnida: Araneida) species that control leafhopper (Homoptera: Cicadellidae) populations (Shi and Gao 1986) .
However, information on the influence oftrees on turf-inhabiting predators and prey is limited, yet this information is critical to alternative pest management strategies that enhance natural enemy populations. The objective of this research was to obtain essential baseline information by identifying common families or classes of arthropod predators and arthropod phytophagous prey in the turf foliage associated with turfgrass foliage in parks, golf course fairways and suburban / rural landscapes, determining their distribution and abundance, and describing their seasonal occurrence.
Materials and Methods
Sample locations. In 1991 and 1992, we selected six sites in Lancaster Co., NE with ponderosa (Pinus ponderosa Laws.) or Austrian (Pinus nigra Arnold) pines growing adjacent to tall fescue (Festuca arundinacea Schreb.) or bromegrass (Bromus sp.) stands. Two sites were adjacent to golf course fairways (GC1 and GC2), and two sites were located in city parks (PI and P2). A fifth site was a suburban bromegrass meadow (WB1). A sixth site (WB2) was located at the University of Nebraska Agriculture Research and Development Center (ARDC) Turfgrass Research Facility near Ithaca in Saunders Co., NE.
Turfgrass management at the different study sites ranged from relatively intensive maintenance with regular fertilization and mowing (GC2, GC1), to minimal maintenance with little fertilization and infrequent mowing (WB1 and WE2). Maintenance at PI and P2 was intermediate and consisted of occasional fertilization and mowing. Insecticides were not used at any of the sites. Tree heights ranged from 6 to 10 m and varied within and among sites. Trees at GC1, WEI, and PI averaged over 7 m in height, wheras trees at the other sites averaged less than 7 m.
Net sweep samples. Net sweeps were used to sample the effect of distance from trees on populations of arthropods inhabiting turfgrass foilage. This method collects sparsely dispersed species in foliage at one point in time (Southwood 1978) and is commonly used to sample for turf pests (Baxendale, unpub1. data). Turfgrass stands were swept 100 times with a standard 38-cm sweep net at distances DIX and BAXENDALE: Distribution of Arthropods in TreelTurfLandscapes 259 of 0, 0.5, 2, and 5 times tree height (H) from the tree. Sweep samples were taken along transects (approximately 100 m long) parallel to the tree row. On each sampling date, one sweep sample (100 sweeps) was taken per site at each distance. The 0 H sweeps were obtained under the trees' drip line and as close to trunks as possible. Sweeps at 0.5 H usually fell near the outer drip line of the tree. The 5 H sweep was well into the turf stand and was at least 7-10 H from all other surrounding trees. Because the 0 Hand 0.5 H sweeps were under or immediately next to the tree, these samples were combined to give a "near tree" estimate for distances~0.5 H. Sweep samples were immediately placed in plastic bags and transferred to 70% alcohol for storage.
Pitfall trap samples. Pitfall traps were selected to sample ground-dwelling arthropods because they operate over extended time, collect diurnal and noctural arthropods, can be used in diverse habitats, and provide an indication of surface activity (Esau and Peters 1975) . Pitfall traps consisted of a 0.5-L plastic cup sunk into the ground (Morrill 1975) . Inside this cup was placed a second O.l-L plastic cup containing a 30% solution of Sierra Brand® antifreeze. A cone-shaped plastic cup with the basal end cut off was used as a funnel. At each site, a northern transect was marked from under each of five pines to approximately 150 m into the turf. Pitfall traps were placed at distances of 0 H, 0.5 H, 2 H, and 5 H along each transect. The 0 H pitfall was under the tree's drip line and as close to the trunk as possible. Pitfalls at 0.5 H usually fell near the drip-line of the tree. The 5 H pitfalls were well into the turf stand and were at least 7-10 H from all other surrounding trees. Because the 0 Hand 0.5 H pitfalls were under or immediately next to the tree, these samples also were combined to give a "near tree" estimate for distances 0.5 H. Sites were sampled weekly from June through October 1991 and monthly from May through September 1992. Samples were returned to the laboratory and stored in 70% ethanol for later identification and counting. Collected arthropods were categorized as carnivorous arthropod predators or herbivorous arthropod prey. Arthropods were identified by James Kalish and Robert Roselle, diagnosticians for the University of Nebraska Plant and Pest Diagnostic Clinic.
Data analysis. Arthropod collections from sweeps and pitfall traps were summarized for each site by year. For each year and site, predator and prey catches at different distances or "H" were analyzed using the PROC GLM procedure of SAS (SAS Institute 1992). Tukey's studentized range tests (a =0.05) were used to compare abundance among distances. Within-year temporal variation was used as the error term for the sweep analyses. Five transects per site were used to estimate error for pitfall analyses.
Results
Foliage sweeps / abundance. Spiders and ants (Hymenoptera: Formicidae) were the predominant predators collected in turfgrass sweep samples in both 1991 and 1992 (Table 1) and accounted for over 80% of the total predators. Spiders alone represented 60.1% and 64.5% of the total predators in 1991 and 1992, respectively. Lady beetles (Coleoptera: Coccinellidae), lacewings (Neuroptera), minute pirate bugs (Orius tristicolor (White», big-eyed bugs (Lygaeidae), rove beetles (Staphylinidae), syrphids (Syrphidae), harvestmen (Arachnida: Opiliones), and an assortment of other predators made up 6.4% and 14.3% of the total catch in 1991 and 1992, respectively. The Opiliones include both predatory and nonpredatory species. Leafhoppers (Homoptera: Cicadellidae), flea beetles (Coleoptera: Chrysomelidae), and grasshoppers (Orthoptera) were the predominant prey species in both years and represented 96% of prey species collected in both 1991 and 1992 (Table 1, Fig. 1 ). The remaining 4% consisted of aphids CHomoptera: Aphididae), chinch bugs (Blissus leucopterus leucopterus (Say)), armyworms (Pseudaleta unipuncta (Haworth)), cutworms (Lepidoptera: Noctuidae), and a few additional prey species. Grasshoppers were more numerous at minimally maintained sites (WB1 and WB2). In 1991, leafhoppers tended to be more numerous in parks; whereas fleas beetles Mean predator abundance per site averaged 8.4 and 7.2 specimens per 100 sweeps in 1991 and 1992, respectively (Fig. 2) . Mean prey abundance in sweep samples averaged 60.3 and 68.1 in 1991 and 1992, respectively. Predators were generally more abundant at low-maintenance sites. Further, predator abundance tended to increase with decreasing maintenance at sites with trees smaller than or equal to 7 m. In 1991, mean predators per 100 sweeps ranged from a low of 6.6 predators at GC2, a highly managed site, to highs of 11.6 and 11.8 predators at two sites with low maintenance (WB1 and WB2, respectively). In 1992, predator abundance was lower than 1991 at all sites except WB2 and ranged from 3.2 (GC2) to 9.1 (WB1) and 19.1 (WB2) predators per 100 sweeps.
In most cases, when comparing sites with trees of similar size, the sites with the lowest maintenance had more predators and prey than sites with high levels of maintenance. No trend by level of maintenance was observed in prey abundance at sites with trees taller than 7 m (Fig. 2) .
Foliage sweep / prey / predator ratios. Turfgrass maintenance had little effect on potential prey / predator ratios on turf foliage (Fig. 2) . In 1991, the lowest Sites Fig. 2 . Mean (± SE) predator, prey and prey / predator ratios in sweep samples at six tree-turf sites in Nebraska ratios for sites with trees taller than 7 m occurred at WEI and PI, sites with minimal and intermediate maintenance, respectively. For sites with trees smaller or equal to 7 m, the lowest ratio was present at GC2, a high maintenance site. In 1992, the prey / predator ratio was lower but not statistically significant at WEI, a minimally maintained site, and insignificantly higher at P2, a site with intermediate maintenance levels.
Foliage sweep / distance. Total arthropod abundance varied with distance from the tree (Fig. 3) . In 1991, mean total arthropod abundance averaged 66.7, 89.7 and 69.8 at distances of 0.5 H, 2 Hand 5 H, respectively. In 1992, mean total arthropod abundance increased with distance from the tree and was 53.2, 83.8 and 128.5 at distances of 0.5 H, 2 Hand 5 H, respectively. Overall, predators were numerically most abundant at distances less than or equal to 0.5 H in 1991 and at less than or equal to 0.5 Hand 2 H in 1992. In 1991, predator abundance near the trees (:0; 0.5 H) was significantly higher than at other distances for GC1 (F= 7.34, P < 0.05, df = 84) and WB2 (F= 5.69, P < 0.05, df = 73) but was not significantly different near the trees at GC2 and P2. In addition, while predator abundance away from the trees (5 H) was numerically higher for P1 and WB1, only P1 was significantly higher (F = 4.72, P < 0.05, df = 81). In 1992, predators abundance at distances less than or equal to 0.5 H appeared to be numerically higher than the other distances for GC1, GC2, and P2. However, predator abundance was significantly higher (F = 3.49, P < 0.05, df = 25) only for site WB2 at a distance of2H.
At most sites prey abundance seemed to be higher away from trees (2 H or 5 H) (Fig. 3) . In 1991, prey abundance tended to be highest at distances of either 2 H (Gel, WB1, P2, and WB2) or 5 H (P1). However, prey abundance was significant (F = 5.48, P < 0.05, df = 73) only for WB2. In 1992, prey abundance was numerically higher at a distance of 5 H for all sites, but was only significant (F = 2.89, P < 0.05, df = 25) for WB2.
In 1991, prey / predator ratios were lowest near the tree (:0; 0.5 H) and highest at distances of 2 H or 5 H at all sites (Fig. 3) . However, these differences were not significant. Similarly, in 1992, prey / predator ratios in the sweep samples tended to be numerically lower at distances less than or equal to 0.5 H (GC2, P1, P2, and WB2) and were numerically higher at distances of 2 H (GC1, GC2, P1, and P2) or 5 H (WB2).
Pitfall samples / abundance. Ants, spiders, carabids, rove beetles, and harvestmen were the predominant predators collected in the pitfall samples and comprised more than 96% of the total predator specimens collected in both years (Table 2 ). Ants accounted for over 71% of the total predator specimens, while spiders comprised 13% and 19% ofthe total predators in 1991 and 1992, respectively. Carabids (includes both predatory and nonpredatory species), minute pirate bugs, big-eyed bugs, rove beetles, harvestmen (includes both predatory and nonpredatory species), and an assortment of other predators accounted for the remaining 10 to 13% of the predators collected.
Leafhoppers, aphids, crickets, and grasshoppers were the predominant prey species and represented about 80% of prey specimens collected in both years (Table 2) . Flea beetles, chinch bugs, billbugs, armyworms, cutworms, and a few miscellaneous prey species made up the remaining 20%. Leafhoppers, flea beetles, grasshoppers, and aphids are normally associated with foliage and apparently fell into the traps while hopping or flying among their plant hosts. The remaining prey probably fell into the traps while crawling over the ground.
Mean predator abundance varied with year and site (Fig. 4) . In 1991, mean predators per pitfall trap averaged 35.9 and ranged from a low of 26.2 predators per pitfall at GC1, a highly managed site, to a high of 62.9 at the P2 site with intermediate maintenance. In 1992, predator abundance averaged 15.7 per pitfall Sites Fig. 3 . Mean (± SE) predator, prey and prey / predator ratios in sweep samples taken near the tree (distances :<::; 0.5 times tree height (H) from the tree), 2H, and 5H at six tree-turf sites in Lancaster Co. and Saunders Co. NE. Bars within a site with different letters above them vary significantly (P < 0.05) according to Tukey's studentized range test.
and ranged from 4.4 predators per pitfalls at PI to a high of 24.5 at WB2. No trend in predator abundance was observed in pitfall traps at sites with trees taller than 7 m or smaller than or equal to 7 m. Spiders, ants, and carabids accounted for over 80% ofthe predators at the sites (Fig. 5) .
Mean prey abundance in pitfall samples varied with year and site (Fig. 4) , and ranged from 1.3 (WBl) to 4.7 (WB2) in 1991, and from 2.0 (PI) to 3.8 (P2) and 20.3 (WB2) in 1992. In both years, prey abundance at sites with tree heights smaller than or equal to 7 m was highest at WB2, a site with minimal maintenance. At sites with tree heights greater than 7 m, prey abundance was highest at PI and did not vary among sites in 1992. Leafhoppers, accounted for at least 30% of the prey at all sites (Fig. 5) . The abundance of aphids and grasshoppers (Orthoptera), the next two most abundant prey, varied with year and site. Entomol. Sci. Vol. 32, No.3 (1997) '-Q..
Sites Sites Fig. 4 . Mean (± BE) predator, prey and prey / predator ratios in pitfall samples at six tree-turf sites in eastern Nebraska.
Pitfall / distance. Arthropod abundance varied with distance from the trees (Fig. 6) . In 1991, predator abundance was significantly higher (F range 4.31-35.03, P < 0.05, dfrange 137-206) at 5 H when compared to 0.5 Hat GC1, PI, WB1, P2, and WB2. In 1992, predators were significantly more abundant away from the trees only at P2 (2 H) (F =2.7, P < 0.10, df =115) and at WBl (5 H) (F =11.9, P < 0.05, df = 141). Although nonsignificant, 1992 predator abundance patterns at GC1 and GC2 were similar to those in 1991. Prey / predator ratios varied with site, and distance and no trend was evident among sites with similar height trees. 
Discussion
The arthropod community in Nebraska turfgrass is composed of diverse arthropod taxa, for which abundance varied with site and sampling method (Tables 1  and 2 , Figs. 1 and 5 ). Similar diversity of arthropod communities has been reported in Kentucky, New Jersey, and Florida (Cockfield and Potter 1984a, Potter 1992) . . Mean (±SE) predator, prey and prey / predator ratios in pitfall traps placed near the tree (distances~0.5 times tree height (H) from the tree), 2H, and 5H at six tree-turf sites in eastern NE. Bars within site with different letters above them vary significantly (P < 0.05) according to Tukey's studentized range test.
Pest outbreaks seldom occur in these diverse turfgrass landscapes, because natural enemies maintain pest populations below epidemic levels (Potter 1992) . For example, ground-dwelling ants consumed or carried off up to 75% of the sod webworm eggs within 48 h of exposure in Kentucky (Cockfield and Potter 1984b) . In our study, ants were the most abundant predator in pitfall traps at all sites. Although we did not determine their prey in Nebraska, the ants probably fed on aphids, mites, insect eggs, and other small arthropods. Carabids also are important predators in the turflandscape. In Kentucky, carabids killed 60% ofthe armyworm pupae within 48 h with each carabid usually consuming multiple larvae (Potter 1992) . Carabids comprised less than 7% ofthe total predators in the pitfall traps from Nebraska. However, their predation potential is substantial because of their size and number of prey consumed. Furthermore, spiders, carabids, and rove beetles together accounted for over 20% of the total predators in both years. Predation by ants, carabids, spiders, and rove beetles probably contributes to suppressing prey infestations below outbreak levels.
Predators in sweep samples at most sites were more abundant within the drip line or at distances less than or equal to 5 H from the tree whereas prey were more abundant at distances of 2 H and 5 H from the trees. In pitfall traps at GC1 and WB2 in 1991 and at all sites (except WB2) in 1992, predators were most abundant at those distances with high prey abundance in the pitfall samples. Both predators and prey were more abundant in pitfall traps away from the trees at sites with trees taller than 7 m. These ground-dwelling predators were highly mobile generalist feeders whose hunting territory potentially could have included both under the tree and at distances of 5 H. This was especially evident at sites with tree heights less than or equal to 7 m; but no significant trend in either predator or prey abundance in pitfall traps could be discerned within the sites. However, at sites with tree heights greater than 7 m, predator and often prey populations were highest at 5 H, where tree influence would be expected to be lower.
Spider populations did not significantly diminish over the season at several of these sites, indicating that trees may act as a refuge for the spiders. However, ant abundance did fluctuate among sites.
Leafhoppers were the predominant prey caught in both sweep samples and pitfall traps. Large leafhopper populations are commonly associated with turf; however, they generally are considered only minor pests (Byers and Jung 1979) . Leafhoppers and flea beetles have been found to be the most abundant in fertilized pastures and forage grasses where levels of nitrogen were high in the foliage (Byers and Jung 1979) . Thus, large numbers of these insects would be expected on turf sites with intensive lawn care such as golf courses; but we observed the reverse. Leafhoppers were more numerous on minimally maintained sites and their abundance was lower on golf courses and other highly fertilized sites. Leafhopper abundance can fluctuate radically in response to physiological and mechanical events with populations ranging from high one week to near zero the next (Lamp et al. 1989) . We also observed this wide fluctuation in leafhopper abundance among sample sites, possibly because of mowing.
In conclusion, predator and prey populations in the urban landscape vary extensively among and within sites and throughout the season. Availability of alternative prey in the landscape, environmental stresses, and a decrease in predator abundance all may have an impact on prey abundance. Foliage-dwelling predators seemingly use trees and associated vegetation for food and shelter, and tended to concentrate in or near the trees. Ground-dwelling predators were found to be more abundant away from the trees especially at sites with trees taller than 7 m. These results provide baseline information on the distribution of common arthropod predators and prey in tree-turf landscapes. This information is crucial part of pest management strategies for enhancing natural enemy populations.
